1. Introduction
===============

Colonoscopy is an effective procedure for detecting colorectal cancer. The increasing demand for colonoscopy can be attributed to the widespread knowledge about cancer screening and surveillance.^\[[@R1]--[@R4]\]^ For colonoscopy to be effective, bowel cleansing must be ensured, and it must be both safe and acceptable to ensure patients' compliance.

Polyethylene glycol (PEG) solution has been used for bowel cleansing for a long time.^\[[@R5]\]^ Since PEG is an isosmotic solution, it passes through the bowel without absorption or secretion.^\[[@R6],[@R7]\]^ Therefore, 4-liter PEG (4 L PEG) solutions have been widely used for bowel cleansing before colonoscopy. Previous studies have shown that PEG as a bowel-cleansing agent is safe and even helpful for hepatic encephalopathy in patients with liver cirrhosis (LC), with the added advantage of increased acceptability, compared with sodium phosphate.^\[[@R8],[@R9]\]^ However, PEG solutions are poorly tolerated by patients due to their poor flavor and the high volume of fluid that must be ingested. Furthermore, PEG induces nausea and vomiting in the majority of patients, even those in a healthy condition. Thus, laxative ingestion and colon cleansing are frequently perceived as the worst part of undergoing colonoscopy. This is a serious problem in patients with chronic diseases, such as those with LC, who have general weakness and loss of appetite. More than anything, in patients with LC and ascites, the high volume of 4 L PEG is a heavy burden that induces poor compliance.

A low-volume (2 L) PEG solution with ascorbic acid (PEG + Asc) has been used for bowel cleansing.^\[[@R10]--[@R13]\]^ The safety of PEG + Asc has been proven in patients under special conditions.^\[[@R14]--[@R17]\]^ Although PEG has been investigated in many studies, only few mention the efficacy, safety, and symptoms associated with PEG + Asc, in patients with chronic liver disease. Moreover, the influence of high-dose ascorbic acid in PEG + Asc solutions has not been studied in patients with LC. In this study, we compared the safety, effectiveness, and benefits of 2 bowel-cleansing agents: 2 L PEG + Asc versus 4 L PEG in patients with LC.

2. Methods
==========

2.1. Study design
-----------------

This was a single-center, retrospective study of patients referred to our hospital for colonoscopy between March 2012 and February 2016. We analyzed the demographic, laboratory, and endoscopic data of the patients. We reviewed the patients with LC who received either 4 L PEG or 2 L PEG + Asc for bowel preparation and underwent colonoscopy during the hospital stay. The 4 L PEG solution used was Colyte (TaeJoon Pharmaceuticals, Seoul, Korea) with the following composition: sodium chloride 1.46 g, potassium chloride 0.745 g, sodium sulfate 5.68 g, and PEG 60 g in a liter of the solution. The 2-L polyethylene glycol solutions with ascorbic acid (PEG-Asc) solution used was Coolprep (TaeJoon Pharmaceuticals) with the following composition: sodium chloride 2.691 g, potassium chloride 1.015 g, sodium sulfate 7.5 g, PEG 100 g, ascorbic acid 4.7 g, and sodium ascorbate 5.9 g in a liter of solution. This study was approved by the institutional review board of Korea University Anam Hospital (IRB number: AN17168-001).

2.2. Patient population
-----------------------

During the study period, we included patients with LC for whom colonoscopy was recommended. We collected data on patients who were over 18 years old and confirmed to have LC. LC was diagnosed either based on histology or on a combination of radiologic, laboratory, and clinical parameters. In the patients who performed liver biopsies, the results were used for confirming a diagnosis of cirrhosis. If liver biopsy was not performed, LC was diagnosed by using complete blood count, liver function tests, and imaging studies such as computed tomography, magnetic resonance imaging, and ultrasound. Patients with acute hepatitis or a vague diagnosis were excluded from this study. Patients were also excluded if they had a history of a severe comorbidity such as congestive heart failure or severe renal insufficiency.

2.3. Efficacy and safety endpoints
----------------------------------

Tolerability and acceptability were assessed by patient questionnaire, which includes a standard medical history and assessment of health status. Patients were given a questionnaire before colonoscopy regarding bowel movements, nausea, abdominal pain, able to consume the entire preparation, taste of preparation agent, and total satisfaction. The data were retrospectively collected with confidentiality and anonymity. And we reviewed the endoscopic reports about bowel-cleansing quality according to the 4-point Boston Bowel Preparation Scale.^\[[@R18]\]^ We analyzed the results of blood biochemistry and the patient\'s demographic characteristics before and after colonoscopy. The laboratory findings were defined as "before bowel preparation; within 24 hours before taking a bowel-cleansing agent" and "after bowel preparation; within 24 hours after taking a bowel-cleansing agent." We excluded cases without timely data before or after colonoscopy. After that, we compared the differences between the PEG and PEG + Asc groups. We also performed a subgroup analysis according to the Child--Pugh classification of patients with LC (class A, B, and C) and whether they had compensated cirrhosis or not.

2.4. Statistical analysis
-------------------------

Data were presented as the mean value ± standard deviation or median ± interquartile range or as proportions. The efficacy and safety analyses were compared using χ^2^ statistics. Absolute values and percentage change in blood parameters were compared between the 2 groups using the Student\'s *t* test or the Mann--Whitney *U* test. Data were analyzed using the Statistical Package for the Social Sciences version 20.0 (IBM Corp., Armonk, NY). *P* values \<.05 were defined as significant.

3. Results
==========

3.1. Baseline characteristics of patients
-----------------------------------------

During the study period, 166 patients with LC underwent bowel preparation for colonoscopy. We selected 61 patients for the 4 L PEG solution group and 105 patients for the 2 L PEG + Asc group. Child--Pugh classes A/B/C included 71/86/9 patients, respectively. Demographics and other laboratory findings were similar in the 2 preparation groups at the time of inclusion. The baseline characteristics of these patients are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.
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Baseline characteristics of patients.
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Etiology and degree of liver cirrhosis.
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3.2. Quality of bowel preparation and patient acceptability
-----------------------------------------------------------

The outcomes of bowel cleansing are shown in Table [3](#T3){ref-type="table"}. The mean score for abdominal discomfort was significantly lower in the 2 L PEG + Asc solution group (2.31 ± 0.81 score in the 4 L PEG group vs 1.72 ± 0.92 score in the 2 L PEG + Asc group, *P* = .039). Nausea was lower in the 2 L PEG + Asc group, but the difference was not statistically significant. Although patients' reports regarding symptoms were equivocal, patient\'s acceptability for easy intake indicated a significant difference (easy or moderate degree, 35% in the 4 L PEG group vs 55% in 2 L PEG + Asc group, *P* = .010).
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Outcome of bowel cleansing and patient\'s report.
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Based on the 4-point Boston Bowel Preparation Scale, there was no difference in preparation quality of each colon portion between the 2 groups.

3.3. Influence of bowel preparation in patients with LC
-------------------------------------------------------

Table [4](#T4){ref-type="table"} shows the body weight and laboratory data with pairwise comparisons before and after ingestion of PEG or PEG + Asc. After bowel preparation, patient body weight was not changed in either group. No significant decrease in serum BUN, creatinine, sodium, potassium, or chloride was observed.
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Comparison of laboratory and demographic values before and after bowel preparation.
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3.4. Safety of PEG + Asc regarding the severity of LC
-----------------------------------------------------

We also performed a subgroup analysis according to Child--Pugh classification of patients with LC (class A, B, and C) and existence of decompensation in the 2-L PEG + Asc group. Table [5](#T5){ref-type="table"} shows that there was no significant laboratory change in Child--Pugh grade B or even grade C after bowel cleansing. An increase of BUN and creatinine was observed in patients with Child--Pugh C, but it was not significant. And also, most laboratory findings were not shown significant difference between compensated LC and decompensated LC (Table [6](#T6){ref-type="table"}). Serum sodium levels significantly decreased when 2 L PEG + Asc was used in the decompensated LC group, but only by as little as 0.2%. Albumin levels significantly increased by 4.9% after bowel cleansing in patients with decompensated LC.
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Subgroup analysis according to Child--Pugh grade in the 2 L PEG + Asc group.
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Subgroup analysis according to compensation in the 2 L PEG + Asc group.
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4. Discussion
=============

Compared with those with healthy livers, patients with LC have a greater risk for electrolyte imbalances, hemodynamic changes, and ascites owing to the disease itself or the use of diuretics.^\[[@R19]--[@R22]\]^ High-volume PEG is effective for bowel cleansing and is safe in patients with serum electrolyte imbalances, even with advanced hepatic dysfunction.^\[[@R6],[@R7],[@R23]\]^ However, PEG ingestion is perceived as the worst part of the colonoscopy procedure by most patients because of the high volume that must be ingested. Thus, it may negatively affect patient compliance and reduce overall efficacy. Furthermore, its high volume is a severe burden in patients with ascites, as can be seen in decompensated LC.

Nowadays, low-volume PEG with additives is used for better acceptability of PEG solutions.^\[[@R6],[@R7],[@R15],[@R24]\]^ However, if the additives are not completely absorbed and remain in the colonic lumen, an osmotic effect may occur. Even though it is possible to reduce the PEG solution volume, this may cause problems during or after bowel preparation. Although most available PEG + Asc solutions contain high-dose ascorbic acid (10--20 g), the safety of high-dose ascorbic acid remains uncertain in patients with LC. Moreover, it is unclear whether PEG + Asc solution is related to body weight changes/electrolyte imbalances after colonoscopy preparation.

In this study, we demonstrated that the administration of low-volume PEG + Asc is efficient and safe in patients with LC, even those with ascites. The results showed that the percentage of patients with successful colon cleansing was not significantly different between 4 L PEG and 2 L PEG + Asc. Although a previous study had reported inferior results with the use of low-volume PEG solutions for bowel preparation,^\[[@R25]\]^ 2 L PEG + Asc was not inferior to high-volume PEG in the efficacy of bowel cleansing in this study.

Despite the presence of LC, there was no significant electrolyte difference after bowel preparation in either the PEG group or the PEG + Asc group. Although the mean BUN and creatinine values increased after bowel cleansing, the change was not significant and was attributed to fasting during the colonoscopy procedure. In the PEG + Asc group in this study, electrolyte balance or weight was not influenced by the ingestion of high-dose ascorbic acid (10 g).

A subgroup analysis showed that 2 L PEG + Asc was a safe bowel-cleansing agent for patients with severe LC. There were no significant changes in blood biochemistry, including serum electrolytes and creatinine. Although there was an increase in the mean value of BUN after bowel preparation in the decompensated LC or Child--Pugh C group, it was not significant.

Above all, regarding tolerability and acceptability, excellent success rates were observed in the low-volume PEG + Asc group, especially in patients with LC and ascites. The fewer complaints of abdominal discomfort and abdominal bloating in the PEG + Asc group could be attributed to the reduced PEG volume. Patients' questionnaire reports about the ease of bowel-cleansing solution intake indicated superior results with the use of the PEG + Asc solution compared with the use of PEG solution. This could be attributed not only to the low volume but also to the improved flavor provided by the ascorbic acid. In other questionnaire items, such as the willingness to take the solution again or judgment of the product and the procedure, PEG + Asc was also superior to 4 L PEG.

This study has several limitations. First, regarding the efficacy of bowel cleansing, we reviewed only the endoscopists' judgment. Although the endoscopists described the score of bowel preparation using the same scale, lack of formal interrater reliability would be a limitation in this study. Second, other independent comorbidities in patients, like chronic kidney disease or congestive heart failure, could affect the results. Furthermore, collected data did not include information about chronic constipation or previous inadequate preparation in our study. Third, this study included a small number of patients and designed as a single-center study. Finally, above all, the main limitation of this study is its retrospective nature. Blood sampling time was not consistent before and after colonoscopy. Moreover, bowel cleansing using 4 L PEG had been performed in the previous years, whereas bowel cleansing using 2 L PEG + Asc was dominantly used in more recent years. These factors might affect the results, independent from the kind of bowel cleaning agents.

However, no study of proper bowel-cleansing agents for patients with LC or patients with ascites exists. To our knowledge, this was the first study to evaluate the efficacy and safety of bowel-cleansing agents in patients with LC after the ingestion of low-volume PEG + Asc.

In conclusion, this study suggests that 2 L PEG + Asc is effective, safe, and more acceptable than 4 L PEG, and therefore represents a more suitable option for patients with LC.

Abbreviations: LC = liver cirrhosis, PEG = polyethylene glycol, PEG-Asc = polyethylene glycol solutions with ascorbic acid.
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